Pollen analysis has long been used as a tool to make an assessment of regional vegetation. On-site pollen samples are taken for the same purpose at some excavations, because they are often the only available contexts with good preservation conditions. This paper shows that the analysis of on-and off-site pollen samples from the same region (West Frisia, the Netherlands) and time period (Dutch Bronze Age; ca. 2000-800 bc) can give very conflicting results on the type and amount of regional vegetation, in this case forest cover. Reasons for this discrepancy are discussed in relation to the use of on-site contexts by people in the past, as well as their location within a settlement. Furthermore, the potential of these contexts for the assessment of locally performed subsistence-related activities is outlined. New research directions are required to test this potential, so that wells and other man-made pollen traps can become a valuable future tool for reconstructing the past.
Introduction
The use of pollen for vegetation reconstruction has a long research history going back to the first half of the 20th century. For such a reconstruction, some of the best sampling locations for pollen are natural, open locations such as mires, raised bogs, and lakes, since they give the most representative image of their surroundings due to a large diameter (Sugita 1994; Sugita et al. 1999) , good preservation conditions, and a supposed low level of human disturbance.
In the Netherlands, such good sampling locations do exist, but are relatively rare in development-led excavations for several reasons. First, large areas of appropriate sampling locations/archaeological layers are strongly reduced due to (sub)recent disturbance by peat-cutting, construction work, etc. Second, a large part of the Netherlands consists of Pleistocene sand/loess subsoils with a (very) low water table, which means preservation conditions there are, in general, far from optimal (Fig. 1) . Third, development-led archaeology focuses mostly on settlement sites, since that is where one can expect most finds. All these factors combined mean that not many features are available for pollen sampling in the sandy area of the Netherlands. These restrictions have resulted in a sampling strategy wherein mostly deep pits and/or wells can be sampled, since they usually are below the water table and have relatively good preservation. Interestingly, this also seems to have become common practice in locations where other features and better preservation conditions are available as well. The question is whether these on-site locations are appropriate locations to use for regional vegetation reconstruction, since they do not have a wide diameter and are man-made contexts that suffer from presumably high disturbance during and after use.
In this paper, the region of West Frisia in the Netherlands will be used as a case-study for the comparison of regional vegetation indicators in both on-and off-site pollen samples dating to the Dutch Bronze Age (2000-800 bc). The comparison between these samples shows a large discrepancy in forest cover indicators, affecting the interpretation of the openness of the landscape. Implications of using only on-site samples for vegetation reconstruction without the possibility for comparison with the off-site situation will be discussed,
Materials and methods

The region
West Frisia is a region in the north-western part of the Netherlands ( Fig. 1) , of ca. 780 km 2 that has distinct cultural aspects during the Dutch Bronze Age (the Hoogkarspel culture), such as different pottery styles, different house building traditions and different arable field systems to the Celtic field systems that occurred in the eastern half of Netherlands from 1300 bc onwards (Arnoldussen 2018) . It has excellent preservation conditions due to very heavy clayey subsoil and is also situated geographically between the Nordic and Atlantic exchange networks during this time period, which makes it a region that enables the study of many aspects of prehistoric life.
The samples
Specific information on the location and dates of the researched sites and samples is shown in Table 1 . On-site pollen reports were collected from different developmentled archaeological excavation reports as well as standalone specialist reports.
Off-site pollen reports were collected at the TNO (Netherlands Organisation for Applied Scientific Research) in Utrecht, the Netherlands, which houses old surveying data collected by StiBoKa. StiBoKa is short for Stichting Bodem Kartering, an institution that was concerned with performing soil surveys during the second half of the 20th century before large scale re-allotments destroyed most of the topsoil as well as ideas to improve upon the interpretation and merit of on-site samples in the future.
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in West Frisia. In order to prevent the risk of contamination by pollen from other locations, consulted pollen reports were only selected if they included a peat layer, and only samples that fell well within the boundaries of this layer were analysed further; peat layers that contained an admixture of minerals from clay or sand were therefore not included in the analysis. Furthermore, the sampled peat layer needed to date to the right time period. For some diagrams, radiocarbon dates were available, whereas other diagrams had to be analysed based on their specific pollen content to establish whether they dated to the Subboreal time period, which includes the Dutch Bronze Age. The transition from the Neolithic to the Bronze Age in the (northern) Netherlands is related to an increase in pollen of Fagus ( 
The analysis
Data from both on-and off-site pollen samples were categorized into specific groups, each signifying a unique ecotype (i.e. general types of growth locations of plant communities). These groups are summarized in Table 2 . The ecotypes allow for a separation of environmental indicators for trees versus an open landscape, wet versus dry conditions, saline versus non-saline conditions, and oligotrophic peat formation. The ecologically indeterminate group (H) included taxa that could not be identified to the genus or species level. Furthermore, taxa that are not clearly specific for only one of the ecotypes, such as species belonging to the Cyperaceae family, were included here. Subsequently a pollen sum was created of the groups which signified regional vegetation (i.e. vegetation not present amongst the local eutrophic peat vegetation), including groups A, C, D, and F. Non-local vegetation growing under dry, saline, and/or oligotrophic peat, potentially present in the pollen record, could be identified in this way. Because in the applied method dryland vegetation was separated from wetland vegetation there was no interference from local wet trees and shrubs. This distinction allowed for an accurate assessment of the presence of upland vegetation in West Frisia (see Table 2 for explanation about the term upland).
The on-site pollen was analysed in exactly the same manner as the off-site samples. On-site pollen included both settlement and burial mound contexts. Although burial mounds are by no means necessarily located within a settlement, they are included under this category because they are part of the human activity realm, whereas (extensive) peat layers are natural phenomena that occur at off-site locations, or at least presumably in the absence of human activity.
Results
The results of both the on-and off-site pollen analyses are shown in Figs. 2 and 3, respectively. The on-site pollen deriving from settlement contexts generally demonstrate an open landscape consisting of mostly upland herbs (Fig. 2) . In the past, the landscape of West Frisia has been reconstructed as a treeless, open landscape (Bakker and Brandt 1966 and references therein; Buurman 1996) , predominantly based on these samples. However, some of the more recently analysed settlement contexts from Medemblik (Fig. 2 , first diagram), as well as all the sampled burial mound-related contexts indicate a higher presence of trees in the surroundings. This new analysis of regional indicators seems to show that onsite pollen does reflect that trees grew in the surroundings of the settlements, although they do not appear to have been present in high numbers based on these results. At several (presumably) more peripheral locations, the presence of oligotrophic peat can be observed, such as in burial mound and ard mark contexts, but this seems largely absent within actual settlement contexts (e.g. pits, ditches). Finally, no clear indicators for saline conditions are present at any of the sites.
The off-site pollen analyses show almost the reverse image of the pollen from on-site locations (Fig. 3) . Upland trees and shrubs constitute a large portion of every diagram, indicating that the surroundings of the Bronze Age settlements were indeed far from treeless. In several of the diagrams, indicators of oligotrophic peat were present, suggesting that this type of peat did exist in the further surroundings Table 2 Ecotypes (groups) used for the pollen analysis for the reconstruction of the landscape *The term upland refers here to vegetation that needs rather dry conditions to grow and occurs in areas that are higher than wetlands. Since the Netherlands, and especially West Frisia, is flat, the variation in height between upland and wetland is usually very small (1 m), but can still give a distinctly different type of vegetation It is clear that the conclusions that can be drawn from the figures above are conflicting when each of the images is interpreted separately. Figure 2 shows the treeless landscape whereas Fig. 3 gives the impression of a forested environment, even within the same region and time period. So, when only on-site samples are available for analysis the obtained image of the surrounding landscape seems, at least in this case, misleading. 
Discussion
Inherent problems with on-site contexts and especially wells for pollen analysis
Why is it that on-site sampling locations appear to be so unfit for an accurate assessment of regional vegetation? Since the well or deep pit seems to be a popular sampling location for pollen because of good preservation conditions below the water table, we should consider these types of contexts in more detail. It then becomes clear that there are several factors and unknown variables that can potentially affect the results and interpretation of the pollen analysis for (regional) vegetation assessment. First of all, wells are sources of drinking water, which is a basic need in everyday life. This means that wells are generally kept close to the house. Since it is a basic need, drinking water is also very valuable. In order to keep this drinking water clean, wells are constructed with the prevention of contamination in mind. They often have an above-ground wall construction (e.g. made from mud, wood or bricks) to prevent or reduce contamination by surface debris and to prevent people and animals falling into the well; sometimes the well is additionally covered by a lid or small roof construction. The diameter of the well is variable and dependent on the number of people that need to stand inside the well during construction, but usually lies around 1 m (Wikiwater n.d.). When wells have been neglected for a while or work has been done to increase the yield through widening or lining the well, cleaning of the well is necessary. For traditional hand-dug wells this entails emptying the contents of the well, which usually includes sludge and debris, with for example buckets. During this procedure, the well walls can collapse if they are not lined or protected (Oxfam n.d) .
All the factors outlined above, location near a house, closed construction, limited diameter, and human disturbance due to cleaning, all affect the entry and accumulation of pollen in the well.
When a well is close to a house, has an above-ground wall construction, and is covered by a lid or roof, the chance of pollen entering the well by wind is greatly diminished. The small diameter of the well furthermore results in a very small catchment basin for pollen which is not representative of regional vegetation (Sugita 1994; Sugita et al. 1999) , even if the well was open and further away from the settlement. Sometimes the diameter of simple lined wells appears to be wider than 1 m during an excavation, but this is likely due to the gradual natural collapse of the wall of the well due to lowering of the water table, and does not represent the original diameter (Fig. 4) .
This type of natural wall collapse as well as intentional cleaning or widening of the well results in a major admixture of soil and pollen from layers that are not contemporaneous with the habitation of the settlement. The pollen from this debris will therefore not represent local vegetation around the well at the time of use, let alone the regional vegetation.
Other features such as ditches can also be subject to cleaning/dredging. However, the chance of really old layers contaminating these contexts is lower than in a well (provided the ditch is less deep than a well), and they represent open contexts with a larger catchment basin than wells. They should in theory therefore be more representative of the surrounding vegetation. Still, as is clear from Fig. 2 , even these types of contexts seem inappropriate for regional vegetation assessment due to their close proximity to the settlement.
Considering these problems with wells and other on-site contexts, and the results of the analysis of the West Frisian pollen, it is clear that these types of contexts are unfit for the assessment of regional vegetation without comparison with off-site locations. However, since these contexts are often all that is available, what can be done with the data that we do have? To investigate the potential of pollen samples from on-site contexts, and especially wells, it is important to know what layers are actually analysed and how the resulting analysis data should be interpreted.
Potential of on-site contexts
Wells and deep pits are often filled in with rubbish, soil or a combination of the two when they are excavated. This infill layer represents the final use of the well. Below this layer, Fig. 4 Degradation of a well in sandy-clayey soil due to lowering of the water table (after Ofermat 1981) sometimes natural sedimentation layers occur and possibly a humus-rich layer at the base (Fig. 5) , which are presumably least affected by the infill and might be related to initial use of the well. From Fig. 4 it is clear however, that even these layers may have originated from later periods of cleaning or from collapsed older sediment layers from the wall of the well. When pollen sequences of a well fill are analysed it is then very difficult to relate the finds to actual changes in time, since the stratigraphy might be inverted. It is therefore key that the correct layers are sampled and accurately dated to be able to assume contemporaneity of the well and the habitation phase.
What is also needed is an assessment of what is useful information that can be obtained from a man-made context. It can be imagined that air-borne pollen of wind-pollinated plants that have a high pollen production has a higher chance of being drawn into a well when it is opened than pollen from plants that have a low pollen production and are pollinated by insects. With this in mind it becomes possible to see man-made closed contexts as specific pollen traps for air-borne pollen that happens to be in the air around the well at around the time it is opened. Most of the time this will not give us the (new) information we want: grass (Poaceae) pollen signifies an open landscape and we can already assume that most settlements were not built in the middle of a forest. However, if air-borne pollen can give us information on the activities that took place around the house, then it becomes a valuable tool for interpretations that may not be possible based on other research proxies.
In this respect, it is interesting to note that recently research has been conducted on the release and deposition of pollen during different stages of a very common human activity in the past: crop cultivation and processing (Liu et al. 2018) . Their study was aimed at understanding if and how pollen of buckwheat (Fagopyrum Mill.) , an insectpollinated plant (i.e. low visibility in the pollen record), is released during growth, flowering, harvest, threshing, winnowing, sieving, and grinding. What the researchers found was that the pollen of buckwheat is only locally released into the air in very high amounts (> 70%) during threshing and sieving of the crop (Liu et al. 2018) . Therefore, when high amounts of buckwheat pollen is found in wells for example, it informs us about the specific activities that took place in the near surroundings of that context. A similar situation can be envisaged for the processing of cleistogamous wheat species and the presence of dung (e.g. based on the presence of airborne coprophilous fungal spores: Cugny et al. 2010 and references therein). This means that wells can in effect become time-capsules for the cultural landscape on the settlement rather than the natural landscape outside of it.
Future research to assess the potential
Future research should aim at researching and relating pollen (and spore) release and dispersal to their deposition in closed man-made contexts such as wells. There is a need for a comparative method for on-site samples, wherein different modern context types are analysed during and after use under a range of variables (e.g. closed-not closed, proximity to activity areas, different layers, etc.). Assessing the potential of pollen analysis of on-site contexts for the reconstruction of activities taking place in the vicinity of the well (crop processing, presence of livestock) will help us understand past subsistence on a more detailed level. Assessing the representation of local and regional vegetation in modern on-site contexts will provide us with a solid baseline for the interpretation of the landscape. In addition, the influence of contamination on on-site contexts will become apparent, and can be taken into consideration when analysing past contexts. Finally, research towards these factors will give insight into the possibilities and limitations of on-site pollen research, thus improving future sampling strategies through knowledge of the reliability of samples from different context types for different types of research question.
